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BEARING UNIT 



BACKGROUND OF THE INVENTION 



1 . 



Field of the Invention 



5 



The present invention relates to a bearing unit 



utilized for the support of a rotary shaft of a rotation 
drive section or a motor such as a VRT (video tape recorder) 
drum spindle motor and a LBP (laser beam printer) spindle 
motor . 



2 . Description of the Related Art 

The silence performance as well as the running 
performance with a high precision must be required for the 
support of the rotary shaft in a rotation drive section of 

15 an information processing device handling a magnetic 
recording disc, a magneto-optical recording disc, or the 
like, a rotation drive section used in an audiovisual device 
handling audio and video magnetic recording tapes, and a 
motor used in the rotation drive section. 

20 To improve the silence performance as well as the 

running performance with a high precision, there is proposed 
a bearing unit constructed such that a shaft as a rotary 
shaft is rotatably supported on a shaft-support housing 
through which the shaft passes, via a pair of rolling bearings 

25 which are fitted into two positions on the shaft, which are 
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spaced apart from each other in the axial direction, and 
a preload of an axial direction is applied to the outer rings 
of the rolling bearings in order to eliminate a play between 
the inner and outer rings and the rolling elements. 

In such a bearing unit, as a method for fastening the 
inner ring of the rolling bearing to the shaft, there has 
been widely used a method in which the interference fitting 
dimension is employed for the fitting of the inner ring to 
the shaft, and the inner ring is press-fitted to the shaft. 

In case of the inner ring fastening method based on 
the press-fitting, an internal stress is generated in the 
inner ring at the time of press-fitting or after the 
press- fitting, so that an inner raceway surface is easy to 
be distorted. The distortion of the inner raceway surface 
results in increase of the vibration at the time of rotation. 
As a result, there is a possibility that the silence 
performance of the bearing unit at the time of rotation is 
impaired, and the NRRO increases. 

There is proposed a bearing unit shown in Fig. 21 as 
the bearing unit for preventing the distortion of the inner 
raceway surface caused by the press-fitting of the inner 
ring . 

In this bearing unit, which is disclosed in 
JP-A-7-167151, a shaft 3 to be driven to rotate is rotatably 
supported on a sha ft- support housing 9 through which the 



shaft 3 passes, via a double-row rolling bearings 5. 

The rolling bearing 5 includes a pair of inner rings 
5a and 5b disposed away from each other in the axial direction 
of the shaft 3, a single outer ring 5c surrounding the inner 
5 rings 5a and 5b, a plurality of balls 5d which form a first 

p row of rolling elements and are disposed between the inner 
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yg ring 5a and the outer ring 5c, a plurality of balls 5e which 

In forms a second row of rolling elements and are disposed 

between the inner ring 5b and the outer ring 5c, retainers 
10 5f and 5g for defining intervals between the adjacent balls 
of the rolling element rows, and sealing plates 5h attached 
to both ends of the outer ring 5c. 

The sealing plates 5h function to prevent lubricant 
oil, e.g.,. grease, filled between the inner and outer rings 
15 from leaking therefrom, and to prevent dust from entering 
the bearing. 

The inner rings 5a and 5b are fastened to the shaft 
3 due to press-fitting, and raceway surfaces 6 for rolling 
the balls 5d and 5e are located close to the outer ends of 
20 the inner rings . An inside diameter part 7, which is located 
closer to the outer end corresponding to an existing region 
of the raceway surface 6, is set to be larger in diameter 
than the outside diameter of the shaft 3 so that it is 
clearance-fitted to the shaft 3. Only an inside diameter 
25 part 8, which is located closer to the inner end away from 
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the existing region of the raceway surface 6, is selected 
to be smaller than the outside diameter of the shaft 3 so 
that it is interference-fitted to the shaft 3. A groove 
9 for interrupting the transmission of stress is 
circumf erent ially formed between the inside diameter parts 

7 and 8 . 

Thus, the rolling bearings 5 is designed such that the 
inner circumferential surface to be inter ference- fitted to 
the shaft 3 is limited to within the inside diameter part 

8 that is located close to the inner end away from the existing 
position of the raceway surface 6, thereby preventing the 
distortion of the inner raceway surface resulting from. the 
press-fitting of the inner ring. 

The conventional bearing unit thus constructed is 
capable of preventing the distortion of the inner raceway 
surface resulting from the press-fitting of the inner ring. 
Aportionofeachof the inner rings 5a and 5b that is effective 
for suppressing the run-out of the shaft 3 in its axial 
direction is only the width W 0 of the inside diameter part 
8, which is a part of the full width W of the inner ring 
as viewed in the axial direction. As a result, the 
suppression of flexural deformation of "the shaft at the time 
of its rotation will be sufficient, or when the bearing is 
assembled to the shaft 3, a minute inclination of it will 
inevitably occur. Accordingly, it is insufficient to 
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suppress the vibration and the run-out of the shaft when 
it is rotated. This leads to impair the silence performance . 
Further, there is a possibility that the positioning accuracy 
of the shaft 3 is reduced and hence, the running performance 
5 of the shaft is degraded. 

Further, Fig. 22 shows a conventional bearing unit used 
for a rotation drive section or mo tor, which requires a silent 
performance . 

In this bearing unit, a shaft 103 to be driven to rotate 

10 is rotatably supported on a shaft-support housing 109 into 
which the shaft 103 passes, through a pair of rolling bearings 
105 and 107 which are fitted to two positions on the shaft 
103, which are spaced from each other in the axial direction. 
A compression coil spring 111 is placed between the outer 

15 rings 105a and 107a of the rolling bearings 105 and 107 while 
being wound around the shaft 103, whereby a preload in such 
directions as to move apart from each other is applied to 
those outer rings 105a and 107a. 

In this case, as shown, the pair of rolling bearings 

20 105 and 107 are ball bearings constructed such that balls 
113 and 114 as rolling elements are placed in the inner rings 
105b and 107b fitted to the outer circumferential surface 
of the shaft 103 and the inner rings 105a and 107a fitted 
to the inner circumferential surface of a shaft-support 

25 housing 109. 
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Stepped parts 105c and 107c for spring seats are formed 
on the opposed inner end faces of the outer rings 105a and 
107a in a spot-facing fashion. The ends of the compression 
coil spring 111 are brought into contact with the inner end 
5 faces of the inner rings 105a and 107a through exclusive 
spring seats 115 and 116, to thereby position the compression 



collars 115a and 116a and cylindrical par.ts 115b and 116b. 



M= 10 The collars 115a and 116b are fitted into the stepped parts 



105c and 107c. to stop the movement thereof in a radial 
direction of the shaft 103. The cylindrical parts 115b and 
116b are axially protruded from the collars 115a and 116a/ 



and are fitted into the ends of the compression coil spring 
15 111 to stop relative movements of the compression coil spring 

111 and the spring seats 115 and 116 in the radial direction. 

In addition, reference numeral 117 designates a shield 

fixed to each of end surfaces 105d and 107d positioned 

opposite to the stepped parts 105c and 107c. Reference 
20 numeral 118 designates a retainer, and a back side 119 of 

the retainer 118 is positioned at a side of the shield 117. 

In the above bearing unit, the rattling of the inner 

and outer rings 105a and 107a and the balls 113 in the rolling 

bearings 105 and 107 in the axial direction is prevented 
25 by the preload of the compression coil spring 111 applied 




coil spring 111 thereto. 



The spring seats 115 and 116 are integrally formed with 
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to the outer rings 105a an 107a, to thereby realize the 
reduction of noise generated when the shaft rotates (viz., 
silencing) 

However, since the conventional device uses the 
exclusive spring seats 115 and 116, upon assembling thedevice, 
the pair of rolling bearings 105 and 107, the compression 
coil spring 111 and the exclusive spring seats 115 and 116 
have to be assembled on the shaft 103 in accordance with 
the order of their arrangement. Therefore, the number of 
required component parts and the number of assembling steps 
are increased, leading to the increase of the cost to 
manufacture the rotation drive section and the lowering of 
the productivity . 

The used rolling bearings 105 and 107 do not include 
sealing members for preventing a lubricant' which fills a 
space between the inner and outer rings from leaking therefrom. 
For this reason, it is difficult to maintain good lubricating 
performance for a long time by lubricant oil shortage due 
to the leakage of lubricant, and the entering of dust. 
Degradation of the lubricating performance leads to 
degradation of the silencing performance and the reduction 
of the lifetime. 

Moreover, in this type of the bearing unit, it is 
preferable to elongate the center-to-center distance (called 
also a span) between the bearings in the light of the increase 



of the moment rigidity. 

In the bearing structure having such an advantage, it 
is desirable that the width of the bearing is narrow for 
elongating the span between the bearings largely. 

However, the conventional bearing unit as shown in Fig . 
21 uses the bearing having a wide width. In such a bearing 
unit, to avoid the interference of the shields 117 with the 
back side 119 of the retainer 118, it is difficult to reduce 
the width of the bearing. Therefore, it is impossible to 
apply the bearing having a narrow width, and thus, it is 
difficult to obtain the advantage of increasing the moment 
rigidity. 

As another approach, there is obtained a bearing 
structure that the spring seats 115 and 116 are removed so 
that the inside of the bearing is opened. However, the mere 
opening of the inside causes the spring to enter the inside 
of the bearing or jump out from the bearing while slipping 
the flat surface of the outer ring. 

In addition, in the high precision small motor used 
for the small VTR or the LBP, there is conventionally used 
a bearing unit (bearing with the shaft) such that two raceway 
grooves are formed in the outer circumferential surface of 
a rotary shaft while being spaced apart from each other in 
the axial direction, outer rings are mounted on the shaft 
through rolling elements and a coil spring is inserted between 
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the outer rings for preload . 

In a bearing unit disclosed in JP-A-9-8 8 9 6, two rolling 
bearings are interference fitted to the outer 
circumferential surface of a shaf t, while being spaced apart 
from each other in the axial direction. And, a coil spring 
is placed between the outer rings of the rolling bearings 
for preload. 

In assembling the bearing with the shaft, the spring 
is insert ed between the outer rings while the rolling elements 
and the outer rings are assembled onto the shaft. This 
assembling work is troublesome and needs much assembling 
time. 

In the bearing unit in which the bearings are 
interference fitted to the outer circumferential surface 
of the shaft, the interference on the shaft tends to be bent. 

JP-A-9-88966 discloses that the fitting surfaces are 
minutely displaced relatively, to thereby reduce a residual 
stress on the fitting surface. Although the technique 
succeeds in eliminating the occurrence of a vibration, called 
a run-out, the recent market needs a further reduction of 
the run-out . 

SUMMARY OF THE INVENTION 
Accordingly, to solve the above problems, a first 
object. of the invention is to provide a bearing unit which 



is capable of preventing the distortion of the inner raceway 
surface caused by the press- f i tting of the inner ring, and 
capable of preventing the occurrence of the inclination 
between the inner ring and the shaft by a unique feature 
that the full width of the inner ring effectively regulates 
the run out of the shaft in the axial direction, and hence, 
capable of preventing the bearing performance degradation 
caused by the distortion of the inner raceway surface and 
also of preventing the bearing performance degradation 
caused by the inclination of the inner ring to the shaft, 
and consequently, of further improving the silence 
performance and the positioning accuracy. 

Further, a second object of the present invention is 
to provide a bearing unit which reduces the cost to 
manufacture the rotation drive section and improves the 
p'roduct ivi ty by reducing the number of required component 
parts and the number of assembling steps, and maintains good 
lubricating performance for a long time, and prevents 
degradation of the device silencing performance and the 
reduction of the device lifetime, which result from 
degradation of the lubricating performance. 

Moreover, a third object of the present invention is 
to provide a bearing unit which has spring seats serving 
also as the sealing plates, which avoid their interference 
with the back side of the retainer, and is improved in moment 
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rigidity . 

In addition, a fourth object of the present invention 
is to provide a rolling bearing unit which is free from the 
troublesome assembling work and the shaft bending at the 
interference on the shaft, and is small in the run-out. 

To attain the first object, according to a first aspect 
of the invention, there is provided a bearing unit including : 
a housing; a shaft passing through the housing and rotatably 
supported on the housing, the shaft defining an axial 
direction thereof; and a pair of rolling bearings disposed 
between the housing and the shaft and fitted to two positions 
on the shaft, which are spaced apart from each other in the 
axial direction, at least one of the rolling bearings having 
an inner ring press-fitted to the shaft,, wherein a reduced 
diameter part having an outer diameter smaller than the inner 
diameter of the inner ring and a predetermined width in the 
axial direction is formed on the shaft at a position 
corresponding to an intermediate portion of the inner ring 
in the axial direction at least partially including an inner 
raceway surface so that inner circumferential surfaces 
located at both ends of the inner ring in the axial direction 
are interference fitted to the shaft and the inner 
circumferential surface at the intermediate portion thereof 
is clearance fitted to the shaft. 

The reduced diameter part is formed on the shaft to 
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which the inner ring of the rolling bearing is press fitted, 
at a portion corresponding in position to the inner raceway 
surface. The inner ring is clearance fitted to the shaft 
at the reduced diameter part. Accordingly, no stress is 
generated in the inner ring when it is fitted to the shaft, 
at this portion, thereby preventing the distortion of the 
inner raceway surface caused by the press- fitting of the 
•inner ring. 

Accordingly, the bearing unit is free from the problems 
arising from the distortion of the inner raceway surface, 
such as the increase of the shaft vibration at the time of 
rotation in the rotation drive sections or mo tor s which use 
the bearing unit, the silence performance during the rotation 
is. improved and NRRO (non-repetitive run-out) is reduced. 

The reduced diameter part which enables the inner ring 
to be clearance fitted to the shaft is located only at the 
portion corresponding in position to the inner raceway 
surface. Bothend parts of the inner circumferential surface 
of the inner ring are interference fitted to the shaft. 
Therefore, the full width of the inner ring effectively 
operates for suppressing the run-out of the shaft in the 
axial direction. Additionally, the full width of the inner 
ring effectively operates for preventing the inner ring from 
inclining to the shaft. Accordingly, the bearing unit 
satisfactorily suppresses the vibration and run-out of the 



12 



shaft at the time of shaft rotation. There is no possibility 
that the silence performance is impaired by the vibration 
and the run-out of the shaft, and that the positioning 
accuracy of the shaft is degraded by the vibration and the 
5 run-out of the shaft. Good running performance of the shaft 
is stably maintained for long time. 
2 Preferably, the center position of the reduced diameter 

[fl part is set at the center of the inner raceway surface to 

y* be press-fitted or set at a point at which the raceway surface 

10 of the inner ring to .be press-fitted intersects a contact 
□ angle line connecting points at which the rolling element 

contacts with the inner and outer rings. . 

tssf 

O This makes clear a positional relationship between the 

js=3s 

raceway surface and the reduced diameter part . ■ Accordingly, 
15 the reduced diameter part which is effective in preventing 
the raceway surface from being distorted, may easily be formed 
on the shaft. 

In addition, to attain the second object, according 
to a second aspect of the invention, there is provided a 

20 bearing unit including: a housing; a shaft passing through 
the housing and rotatably supported on the housing, the shaft 
defining an axial direction thereof; a pair of rolling 
bearings disposed between the ho using and the shaft and fitted 
to two positions on the shaft, which are spaced apart from 

25 each other in the axial direction; a compression spring 
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disposed between the outer rings of the pair of rolling 
bearings while being wound around the shaft, for applying 
a preload to the outer rings in such a direction as to move 
away from each other; sealing plates located at both ends 
of the respective outer rings of the pair of rolling bearings, 
for preventing a lubricant filled between the outer ring 
and the inner ring from leaking therefrom; and spring seats 
for positioning ends of the compression spring, the spring 
seats including stepped parts axially formed on the sealing 
plates, which are located at the inner ends of the outer 
rings opposed to each other or stepped parts axially formed 
in the inner ends of the outer rings opposed to each other 
for retaining the sealing plates. 

With such a construction, each of the rolling bearings 
is provided with sealing plates for preventing lubricant 
oil, which fills a space between the inner and outer rings 
at both the ends of the outer ring, from leaking therefrom. 
Therefore, it is possible to prevent a lubricant shortage 
as the result of lubricant oil leaking and to prevent dust 
from entering the bearing. Accordingly, it is possible to 
maintain good lubricating performance for a long time. 

Further, of the sealing plates provided at both ends 
of each rolling bearing, the sealing plates which are located 
at the inner ends opposed when those are assembled to the 
shaft, serves also as the spring seats supporting the ends 
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of the compression coil spring, which applies a preload to 
the outer rings of the rolling bearings. There is no need 
of using an exclusive spring seat, which is manufactured 



5 assembling step of the exclusive spring seat is not needed 
in the assembling stage. The number of required component 
parts and the number of assembling steps are reduced. 
Accordingly, the reduction of the number of required 
component parts and the number of assembling steps brings 

10 about the following advantages. . The reduction of the cost 
to manufacture the rotation drive section and the improvement 
of the productivity are achieved. It is possible to maintain 
good lubricating performance for a long time, and to prevent 
degradation of the device silencing performance and the 

15 . reduction of the device lifetime, which result from 
degradation of the lubricating performance. 

Moreover, to achieve the third object, according to 
a third aspect of the invention, there is provided a bearing 
unit including: a shaft defining an axial direction thereof; 

20 a pair of rolling bearings fitted to two positions on the 
shaft, which are spaced apart from each other in the axial 
direction, the rolling bearing including a retainer for 
guiding rolling elements; a compression spring disposed 
between the outer rings of the pair of rolling bearings while 

25 being wound around the shaft, for applying a preload to the 



separately from the rolling bearing. 



Further, 



the 
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outer rings in such a direction as to move away from each 
other; and spring seats attached to the pair of rolling 
bearings, for positioning ends of the compression spring, 
the spring seats serving as sealing plates for preventing 
a lubricant filled between the outer ring and the inner ring 
from leaking therefrom, wherein an inner side of the- spring 
seat defines a retainer-interference avoiding clearance for 
avoiding an interference with the back side of the retainer. 

In the above bearing unit, the spring seat may extend 
inwardly in the radial direction so that at least one 
labyrinth is provided between the inner surface of the spring 
seat and at least one of an end surface of the inner ring 
and the shaft. Further, the spring seat may be made of a 
plastic material. And, the spring may be a coned disk spring . 
The. bearings may be fastened to the shaft by press-fitting 
and adhesion. 

Additionally, to achieve the fourth object, according 
to a fourth aspect of the invention, there is provide a rolling 
bearing unit including: a holding member having a first 
cylindrical peripheral surface, the holding member defining 
an axial direction and a radial direction; and a plurality 
of ring members each having second and third cylindrical 
peripheral surfaces, which are coaxially aligned with each 
other, the third cylindrical peripheral surfaces having a 
raceway surface, the plurality of ring members being fitted 
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to the holding member with a predetermined interval in the 
axial direction such that the second periphery surface of 
the ring member is interference fitted to the first periphery 
surface of the holding member, wherein the interference 
between the first and second periphery surfaces is set to 
be 4]jm or smaller, a run-out of the holding member in the 
radial direction when the holding member is rotated is set 
to be 2]im or less, and the ring members are fastened to the 
holding member by the combination of the interference fitting 
and adhesion . 

Further, according to a fifth aspect of the invention, 
there is provided a rolling bearing unit including: a shaft 
having a cylindrical outer peripheral surface, the shaft 
defining an axial direction and a radial direction; and a 
plurality of rolling bearings held on the shaft with a 
predetermined interval in the axial direction such that inner 
rings of the rolling bearings are interference fitted to 
the outer peripheral surface of the shaft, and the rolling 
bearings being subjected to a preload, wherein the 
interference between the shaft and the inner ring is set 
to be 4]jm or smaller, a run-out of the shaft in the radial 
direction when the shaft is rotated is selected to be 2\im 
or less, and the inner rings are fastened to the shaft by 
the combination of the interference fitting and adhesion. 

In the mechanical arrangements according to the fourth 
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and fifth embodiments, the interference is reduced, and the 
bending of the holding member or the shaft are reduced by 
using the interference and the bonding. Accordingly, the 
run-out in the radial direction is reduced. Since the 
adhesive is used, the interference may be set to at 0 to 
4jjm. Since the interference is small, the work of fitting 
the ring member. or the inner rings to the holding member 
or the shaft is also easy performed. The bonding may be 
realized in various ways. It is realized by using adhesive, 
a bonding member, e.g., adhesive tape, welding, and others . 

In the rolling bearing unit according to the fifth 
aspect of the invention, a recessed portion may be formed 
in the outer peripheral surface of the shaft at a position 
facing the inner peripheral surface of the. inner ring, and 
an adhesive may be applied to the recessed portion. 

This feature enables one to apply a sufficient amount 
of adhesive to the fitting parts. Accordingly, time is 
gained till the adhesive is dried. In this respect, the 
assembling is facilitated. 

Further, at least one of the ends of the recessed portion 
may extend outside from the end of the inner ring in the 
axial direction and is exposed to outside. 

In this feature, after the inner rings are fit to the 
shaft, adhesive is injected into the part of each recessed 
part, which is protruded from the end of the corresponding 
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inner ring, thereby applying the adhesive to between the 
shaft and the inner ring. In this respect, the assembling 
is facilitated. 

In addition, the recessed portion may be formed around 
the entire circumference of the shaft, and the outer 
peripheral surface of the shaft at which the recessed port ion 
may be formed in a cylindrical surface. 

In this feature, the bonding area between the shaft 
and the inner rings is broad, so that those components are 
fastened firmly. 

. Moreover, according to a sixth aspect of the invention, . 
there is provided a method of assembling a rolling -bearing 
unit having: a shaft having a cylindrical outer peripheral 
surface, the shaft defining an axial direction and a radial 
direction; and a plurality of rolling bearings held on the 
shaft with a predetermined interval in the axial direction 
such that inner rings of the rolling bearings are interference 
fitted to the outer peripheral surface of the shaft, and 
the rolling bearings being subjected to a preload, the method 
comprising the steps of: interference-fitting the inner 
rings onto the outer peripheral surface of the shaft with 
the interference of 4pm or smaller; measuring a run-out of 
the shaft in the radial direction while rotating the shaft; 
when the run-out is in excess of 2\im, minutely displacing 
a fitting surface between the shaft and the inner ring by 
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applying a force to a fitting portion therebetween so that 
the run-out is reduced to be 2\im or smaller, to thereby reduce 
a residual stress in the fitting portion; and bonding the 
inner rings to the shaft of 2\im or smaller in run-out. 

According to the sixth aspect of the invention, the 
radial • run-out of the shaft is reduced by using the 
interference and adhesive in combination. The run-out of 
the haft is measured . If it is relatively large as the result 
of .measurement, the shaft is processed for reducing its 
run-out . Thereafter, the inner ring is fastened to the shaft 
completely. The run-out of the shaft may. be measured at 
the part of the shaft (closer to its end as viewed in the 
axial direction) outside the location of each raceway member 
or each rolling bearing. When the run-out of the shaft 
exceeds 2]am, what one has to do is to carry out the process 
to remove the residual stress at the fitting parts as 
disclosed in JP-A-9-88966 . When the adhesive is used for 
bonding the inner rings to the shaft, the run-out reducing 
process may be carried out before the adhesive is applied 
to between the shaft and the inner rings. 

Adhesive may be any of anaerobic adhesive, epoxy 
adhesive (room temperature setting adhesive and hot setting 
adhesive) , alpha-cyanoacrylate adhesive, rubber-based 
adhesive and others. When the process to reduce the radial 
run-out is carried out after the adhesive is applied to 
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between the shaft and the inner rings, an adhesive of the 
slow hardening type (anaerobic adhesive) may be used which 
is selected allowing for the time taken for correcting the 
run-out . • 

The fitting faces of the holding member and the raceway 
members and those of the shaft and the inner rings are 
preferably coarsened by degreasing in order to improve the 
bonding strength . 

Examples of the method to applying a preload to between 
the rolling bearings are a method using an urging means, 
such as a filler piece or coil spring, and a resonance 
press-fitting, method (the press-fitted raceway ring is 
minutely vibrated at a resonance frequency based on a target 
bearing rigidity) . 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a longitudinal sectional view showing a 
bearing unit which is a first embodiment of the invention; 

Fig. 2 is an enlarged, sectional view showing a main 
portion of the bearing unit of Fig. 1; 

Fig. 3 is a longitudinal sectional view showing a 
bearing unit which is a second embodiment of the invention; 

Fig. 4 is a longitudinal sectional view showing a 
bearing unit which is a third embodiment of the invention; 

Fig. 5 is a longitudinal sectional view showing a 
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bearing unit which is a fourth embodiment of the invention. 

Fig. 6 is a longitudinal sectional view showing a 
bearing unit which is a fifth embodiment of the invention; 

Fig. 7 is a longitudinal sectional view showing a 
bearing unit which is a sixth embodiment of the invention; 

Fig. 8 is a longitudinal sectional view showing a 
bearing unit which is a seventh embodiment of the invention; 

Fig. 9 is a longitudinal sectional view showing a 
bearing unit which is an eighth embodiment of the invention; 

Fig. 10A is a longitudinal sect ional view, showing a 
bearing unit which is a ninth embodiment of the invention; 

Fig. 10B is an enlarged view of a circle X of Fig. 10A, 
showing an end portion of the outer ring according to the 
ninth embodiment; 

Fig. 11 is a longitudinal sectional view showing, a 
bearingunit, partly omitted, according to a ninth embodiment 
of the invention; 

Fig. 12 is a longitudinal sectional view showing a 
bearingunit, partly omitted, according to a tenth embodiment 
of the invention; 

Fig. 13 is a longitudinal sectional view showing a 
bearing unit, partly omitted, according to an eleventh 
embodiment of the invention; 

Fig. 14 is a longitudinal sectional view showing a 
bearing unit, partly omitted, according to a twelfth 
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embodiment of the invention; 

Fig. 15 is a longitudinal sectional view showing a 
bearing unit, partly omitted, according to a thirteenth 
embodiment of the invention; 

•Fig. 16 is a cross sectional view showing a bearing 
unit according to a fourteenth embodiment of the present 
invention; 

Fig. 17 is a cross sectional view useful in explaining 
a radial run-out of the shaft; 

Fig.. 18 is a cross sectional view showing a bearing 
unit according to a fifteenth embodiment of the present 
invention; 

Fig . 1 9 is a view showing amodif ication of the fifteenth 
embodiment of the invention; 

Fig. 20 is a view showing another modification of the 
fifteenth embodiment the invention; 

Fig. 21 is a longitudinal sectional view showing a 
conventional bearing unit ; and 

Fig. 22 is a longitudinal sectional view showing a 
conventional bearing unit . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The bearing units which are preferred embodiments of 
the present invention will be described with reference to 
the accompanying drawings. Fig. 1 is a longitudinal 
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sectional view showing a bearing unit which is a first 
embodiment of the invention. Fig. 2 is an enlarged, 
sectional view showing a main portion of the bearing unit 
of Fig. 1. 

The bearing unit of the first embodiment is used for 
rotatably supporting a rotary shaft in various mechanical 
sections, such as a rotation drive section of an information 
processing device handling a magnetic recording disc, a 
magneto-optical recording disc, or the like, a rotation drive 
section, which requires a silence performance,, used for an 
audiovisual . device ' handling audio and. video magnetic 
recording tapes , and a motor used for a rotation drive section 
which requires a silence performance. 

Specifically, a shaft 23 as a rotary shaft is rotatably 
supported on a shaft-support housing 29 into which the shaft 
23 passes, through a pair of rolling bearings 25, which are 
fitted to two positions on the shaft 23, which are spaced 
apart from each other in the axial direction. A compression 
coil spring 31 is placed between the outer rings 25a of the 
rolling bearings 25 while being wound around the shaft 23, 
whereby a preload in such directions as to move apart from 
each other is applied to the outer rings 25a. 

In the present embodiment, the pair of rolling bearings 
25 are ball bearings, which are equal in construction. Each 
bearing is constructed with an inner ring 25b that is 
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press-fitted to the outer circumferential surface of the 
shaft 23, an outer ring 25a fitted to the inner 
circumferential surface of the shaft-support housing 29, 
balls 33 as rolling elements inserted between the inner and 
outer rings, and a retainer 34 for regulating intervals 
between theballs 33. Each rolling bearing 2 5 has a lubricant 
sealing structure in which sealing plates 37 are provided 
atbothends of the outer ring 25a inorder toprevent lubricant 
filled between the outer ring 25a and the inner ring 25b 
from leaking therefrom. 

Each sealing plate 37 is fastened to the end of the 
outer ring 25a such that the outer circumferential surface 
37a of the sealing plate 37 is elastically fitted into a 
stepped part 39, which is axially formed in the outer ring 
2 5a in a spot- facing fashion. Each sealing plate 37 is formed 
such that a groove 37b as a stepped part into which a wire 
of an end of the compression coil spring 31 is fitted, 
circumf erent ially extends along the outer circumferential 
surface 37a. When the rolling bearings 25 are assembled 
to the shaft 23, the grooves 37b of the sealing plates 37 
which are located at the inner ends of the outer rings opposed 
to each other are used as spring seats for positioning and 
fixing the ends of the compression coil spring 31 that is 
placed in a compression manner between the pair of rolling 
bearings 25. 
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The bearing unit of this embodiment prevents the inner 
and outer rings 25b and 25a and the balls 33 in the rolling 
bearings 25 from rattling in the axial direction by the 
preload of the compression coil spring. 31 applied to the 
outer rings 25a, to thereby realize the reduction of noise 
generated when the shaft rotates (viz., silencing) 

In the bearing unit of the embodiment, the- inner ring 
25b of each rolling bearing 25 has a uniform inner diameter 
over its entire width, and is fixed to the shaft 23 by 
press-fitting. In this case, as shown in Fig. 2, a reduced 
diameter part: 23a whose outer diameter is smaller than the 
inner diameter of the inner ring 25b is formed on the shaft 
23 at a position corresponding to an intermediate part of 
the inner ring 25b to be press-fitted as viewed in the axial 
direction . 

The reduced diameter part 23a, as shown in Fig. 2, is 
formed such that a center position C thereof as viewed in 
the axial direction is set at an intersection point 0 of 
the raceway surface 27 of the inner ring to be press-fitted 
with a contact angle line 28 connecting points at which the 
ball 3 3 contacts with the inner and outer rings , and the 
reduced diameter part extends from the intersecting point 
0 to both sides by a width L. The total width of the reduced 
diameter part 23a is set to be longer than the entire width 
of the raceway surface 27 . 
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With provision of the reduced diameter part 23a, as 
shown in Fig. 2, the inner circumferential surface sections 
Di and D 2 located at both ends of the inner ring 25b as viewed 
in the axial direction are interference fitted to the shaft 
23. The inner circumferential surface section D 3 at the 
intermediate portion thereof including the raceway surface 
27 is clearance fitted to the shaft 23. 

In the structure mentioned above, the shaft 23 to which 
the inner ring 25b of the rolling bearings 25 is press-fitted 
is designed to have the reduce diameter . part 23a whose 
diameter is smaller than the inner diameter of the inner 
ring 25b at a position corresponding to the arrangement 
position of the inner raceway surface 27. The inner ring 
2 5b is clearance fitted to the shaft 2 3 at the reduced diameter 
part 23a. In this portion, no stress is generated in the 
inner ring 25b when it is fitted to the shaft 23 . Therefore, 
the raceway surface 27 is not distorted when the inner ring 
25b is press-fitted to the shaft 23. 

Accordingly, in the rotation drive sections and the 
motor employing the bearing unit, there are eliminated 
disadvantages resulting from a distortion of the raceway 
surface 27, caused by increase of a vibration at the time 
of rotation. And, the silence performance is improved and 
the NRRO is reduced. 

Further, the reduced diameter part 23a at which the 
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inner ring 25b is clearance fitted to the shaft 23 is present 
onlyat the portion corresponding to the inner raceway surface 
27. The inner circumferential surface sections Di and D 2 , 
which is located on both sides of the inner ring 25b, are 
interference fitted to the shaft 23. Therefore, the almost 
full width W of the inner ring 25b effectively regulates 
a vibration of the shaft 23 in the axial direction, and 
effectively prevents the occurrence of the inclination 
between the shaft 23 and the inner ring 25. Accordingly, 
the vibration and the run-out of the. shaft 23 when it is 
rotated are sufficiently suppressed. Accordingly, there 
is no possibility that the silence performance is impaired 
by the vibration and run-out of the shaft 23. Further, the 
bearing. unit prevents degradation of an accuracy of the 
positioning of the shaft 23 owing to the vibration and run-out 
of the shaft 23. The satisfactory running performance of 
the shaft 23 may be maintained stably for a long time. 

In the embodiment, the reduced diameter part 23a is 
formed such that a center position thereof in the axial 
direction is set to correspond to an intersection point 0 
at which the raceway surface 27 of the inner ring to be press 
fitted with a contact angle line 28 connecting points at 
which the ball 33 contacts with the inner and outer rings. 
This makes clear a positional relationship between the 
raceway surface 27 and the reduced diameter part 23a on the 
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shaft 23. Accordingly, such a reduced diameter part 23a 
as to effectively prevent the raceway surface 27 from being 
distorted, may easily be formed on the shaft 23. 

Fig. 3 is a longitudinal sectional view showing a 
5 bearing unit which is a second embodiment of the invention, 
p In the bearing unit of the second embodiment, a shaft 43 

y3 is rotatably supported on a shaft-support housing 50 through 

Ul 

yl which the shaft 43 passes, through a pair of rolling bearings 

s «, 

Sf 45 and 46, which are fitted to two positions on the shaft 

3 s 

5 10 43, which are spaced apart from each other in the axial 
Q 

sB direction. The inner rings 45b and 4 6b of the pair of rolling 

M- 

6 bearings 45 and 46 are fastened to the shaft .43 by 

P 

H= press- fitting . 

The pair of rolling bearings 45 and 46 are ball bearings 

15 constructed so that a plurality of balls 33 are inserted 
between the outer ring 45a, 46a which are fitted to the 
shaft-support housing 50 and the inner ring 45b, 4 6b. An 
interval between the adjacent balls 33 is defined by a 
retainer 54 , 55 . 

20 Oft hose rolling bearings 45 and 46, one rolling bearing 

45 is constructed such that the width of the outer ring 45a 
is equal to that of the inner ring 45b, but the other rolling 
bearing 46 is constructed such that the outer ring 46a is 
wider than the inner ring 4 6b. In the other rolling bearing 

25 46, the ends of the inner and outer rings are aligned with 
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each other at the outer end. The inner ends of the outer 
ring 46a is greatly extended toward the rolling bearing 45. 

In the bearing unit of the second embodiment/ the inner 
end of the outer ring 46a of the other rolling bearing 46 
5 is brought into contact with the inner end of the outer ring 
of the one rolling bearing 45, whereby the press-fitting 
positions at which the inner rings 45b and 46b are approached 
to each other. Hence, there is applied a preload for 
eliminating an unnecessary clearance between the ball and. 

10 .the. raceway surface of the rolling bearing 45, 46. 

In the embodiment, the shaft 43 includes reduced 
diameter parts 43a and 43b. The reduced diameter part 43a, 
43b is located at a portion corresponding to the intermediate 
portion of the inner ring 45b, 4 6b to be fitted in the axial 

15 direction . The each outside diameter of the reduced diameter 
parts 43a, 43b is smaller than the each inside diameter of 
the inner rings 45b, 4 6b. 

The reduced diameter part 43a, 43b, as well as in the 
first embodiment, is formed such that the center position 

20 Ci, C 2 thereof in the axial direction is set at an intersection 
point 0 lf 0 2 of the raceway surface 57, 58 of the inner ring 
45b, 4 6b to be fitted with a contact angle line 48, 49 
connecting points at which the ball 33 contacts with the 
inner and outer rings. 

25 A length of the reduced diameter part 43a in the axial 
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direction is 2Lj where h l = a length ranging from the center 
position C x to one side of the reduced diameter part 43a. 
A length of the reduced diameter part 43b in the axial 
direction is 2L 2 where L 2 = a length ranging from the center 
position C 2 to one side of the reduced diameter part 43b. 

The reason why those reduced diameter parts 43a and 
43b is the same as in the first embodiment. The inner 
circumferential surface Di and D 2 of each inner ring 4 5b, 
46b to be press fitted at both ends .thereof in the axial 
direction are interference fitted to the shaft 43 at the 
reduced diameter part 43a, 43b. The inner circumferential 
surface D 3 of the intermediate portion defining the raceway 
surface 57, 58 is clearance fited to the shaft 43, thereby 
prohibiting a stress caused by the interference fitting from 
distorting the raceway surface 57, 58. 

Fig. 4 is a longitudinal sectional view showing a 
bearing unit which is a third embodiment of the invention. 
In the bearing unit of the third embodiment, a shaft 63 is 
rotatably supported on a shaft-support housing 69 through 
which the shaft 63 passes, through rolling bearings 65 and 
66 which are fitted to two positions on the shaft 63, which 
are spaced apart from each other in the axial direction. 
The one rolling bearing 65 is fastened to the shaft 63 by 
press-fitting the inner ring 65b to the shaft 63. 

The pair of rolling bearings 65 and 66 are respectively 
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ball bearings using balls 33 for rolling elements . Theother 
rolling bearing 66 is constructed such that the inner ring 
is integrally formed with the shaft 63. Accordingly, the 
diameter of the other rolling bearing 66 is larger than that 
of the rolling bearing 65. A raceway surface 78 which will 
serve as a ball rolling groove of the rolling bearing 66 
is formed on the outer circumferential surface of the 
increased diameter part thereof 

The outer ring 66a of the other rolling bearing 66 is 
extended in width to the inner side, and the inner end face 
is brought into contact with the inner end face of the outer 
ring 65a of the one rolling bearing 65. 

In the one rolling bearing 65, a plurality of balls 
33 are disposed between the inner ring 65b press fitted to 
the shaft 63 and the outer ring 65a fitted to the shaft-support 
housing 69. A retainer 54 regulates an interval between 
the adjacent balls. A mounting position of the inner ring 
65b is set to approach the rolling bearing 66 in a state 
that the outer ring 65a of the rolling bearing 65 is brought 
into contact with the outer ring 66a, thereby securing a 
preload to eliminate a play of those rolling bearings in 
the axial direction within the bearing. 

A reduced diameter part 63b, of which outside diameter 
is smaller than the inside diameter of the inner ring 65b, 
is formed on the outer circumferential surface of the small 
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diameter part 63a of shaft 63 to which the inner ring 65b 
of the rolling bearing 65 is fitted, at a position 
corresponding to the intermediate portion of the inner ring 
65b to be fitted as viewed in the axial direction. 

As in the first embodiment, the reduced diameter part 
63b is formed such that the center position C 3 thereof in 
the axial direction is set at an intersection point 0 3 of 
the raceway surface 77 of the inner ring 65b to be fitted 
with a contact angle line 79 connecting points at which the 
ball 33 contacts with the inner and outer rings. A length 
of the reduced diameter part 63b in the axial direction is 
2L 3 where L 3 = a length ranging from the center position C 3 
to one side of the reduced diameter part. 

The reason why the reduced diameter parts 63b are used 
is the same as in the first embodiment. . 

Fig. 5 is a longitudinal sectional view showing a 
bearing unit which is a fourth embodiment of the invention. 
In the bearing unit of the fourth embodiment, a shaft 83 
is rotatably supported on a shaft-support housing 89 through 
which the shaft 83 passes, through a pair of rolling bearings 
85 and 86, which are fitted to two positions on the shaft 
83, which are spaced apart from each other in the axial 
direction. The one rolling bearing 85 is fastened to the 
shaft 83 by press-fitting the inner ring 85b to the shaft 
83 . 
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Those rolling bearings 85 and 86 are each a ball bearing 
using balls 33 as rolling elements. The other rolling 
bearing 86 is designed such that the inner ring is integrally 
formed with the shaft 83. Accordingly, the diameter of the 
rolling bearing 86 is larger than that of the rolling bearing 
85. A raceway surface 98 as a ball rolling groove of the 
rolling bearing 86 is formed in the outer circumferential 
surface of the increased diameter part thereof. The outer 
rings 85a and 86aof the rolling bearings 8 5 and 8 6 are extended 
.in width to the inner side, and the inner end faces of the 
outer rings are brought into contact with each other. 

In the one rolling bearing 85, a plurality of balls 
33 are disposed between the inner ring 85b press-fitted to 
the shaft 83 and the outer ring 85a fitted to the shaft-support 
housing 89. A retainer 54 regulates an interval between 
the adjacent balls. A mounting position of the inner ring 
85b in the axial direction is set to approach the other rolling 
bearing 86 in a state that the inner end of the outer ring 
85a of the rolling bearing 85 is brought into contact with 
the inner end of the outer ring 86a, thereby securing a preload 
to eliminate a play of those rolling bearings in the axial 
direction within the bearing. 

A reduced diameter part 83b, which outside diameter 
is smaller than the inside diameter of the inner ring 85b, 
is formed in the outer circumferential surface of the small 
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diameter part 83a of the shaft 83 to which the inner ring 
85b of the rolling bearing 85 is fitted, at a portion 
corresponding to the intermediate portion of the inner ring 
85b to be fitted as viewed in the axial direction. 

As in the first embodiment, the reduced diameter part 
83b is formed such that the center position C 4 thereof in 
the axial direction is set at an intersection point Cu of 
the raceway surface 97 of the inner ring 85b to be fitted 
with a contact angle line 99 connecting points at which the 
ball 33 contacts with the inner and outer rings. A length 
of the. reduced diameter part 83b in the axial direction is 
2L 4 where L 4 = a length ranging from the center position C 4 
to one side of the reduced diameter part. 

The reason why the reduced diameter parts 83b are used 
is the same as in the first embodiment. 

According to the invention, a clearance fitting part 
is obtained by a reduced diameter part formed on the shaft 
between the inner ring of a bearing to be press-fitted and 
the shaft. This clearance fitting part may be applied to 
a bearing unit if it is constructed such that of a pair of 
rolling bearings, which support the shaft, at least one 
rolling bearing is constructed such that the inner ring 
thereof is press-fitted to the shaft. The other rolling 
bearing may be constructed such that the inner ring is 
integrally formed with the shaft, as in the third and fourth 
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embodiments. A bearing unit in which the inner ring of the 
one bearing is press- fitted to the shaft, and the inner ring 
of the other bearing is bonded to the shaft by adhesive, 
also falls within the scope of the present invention. 

In each embodiment mentioned above, the reduced 
diameter part which enables the inner ring of the bearing 
to be clearance fitted to the shaft is formed such that a 
center pos it ion thereof in the axial direction is set at 
an intersection point of the raceway surface of the inner 
ring to be press-fitted with a contact angle line connecting 
points at which the rolling element contacts with the inner 
and outer rings. It is clear that the position at which 
the reduced diameter part is formed is not limited to the 
above-mentioned one. In a specific example, the center 
position of the reduced diameter part in the axial direction 
may simply be set at the center of the raceway surface of 
the inner ring to be press fitted, without considering the 
contact angle line. 

Further, the rolling bearing of the invention may be 
any other suitable rolling bearing than the ball bearing, 
while it is the ball bearing in the above-mentioned 
embodiments . 

According to the bearing unit of the first to fourth 
embodiments, the reduced diameter part which diameter is 
smaller than the inner diameter of the inner ring is formed 
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on the shaft to which the inner ring of the rolling bearing 
is press fitted, at a position corresponding to an arrangement 
position of the inner raceway surface. The inner ring is 
clearance fitted to the shaft at the reduced diameter part. 
Accordingly, no stress is generated in the inner ring when 
it is fitted to the shaft, at the reduced diameter part, 
thereby preventing the distortion of the inner raceway 
surface caused by the press fitting of the inner ring. 

Accordingly, the bearing unit is free from the problems 
arising from the distortion of the inner raceway surface, 
such as the increase of the shaft vibration at the time of 
rotation in the rotation drive sections or motors which. use 
the bearing unit, to thereby improve the silence performance 
at the rotation and reduce NRRO. 

Further, the reduced diameter part which enables the 
inner ring to be clearance fitted to the shaft is located 
only at the portion corresponding to the arrangement position 
of the inner raceway surface. Both end parts of the inner 
circumferential surface of the inner ring are interference 
fitted to the shaft. Therefore, the full width of the inner 
ring effectively operates for suppressing the run-out of 
the shaft in the axial direction. Additionally, the full 
width of the inner ring effectively prevent the occurrence 
of the inclination between the inner ring and the shaft. 
Accordingly, the bearing unit satisfactorily suppresses the 
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vibration and run-out of the shaft at the time of shaft 
rotation. There is no possibility that the silence 
performance is impaired by the vibration and the run-out 
of the shaft, and that the positioning accuracy of the shaft 
is degraded by the vibration and the run-out of the shaft. 
Good running performance of the shaft is stably maintained 
for long time. 

In a case where the center position of the reduced 
diameter part is set at the center of the inner raceway surface 
to be press fitted or set at an intersection point of the 
raceway surface, of the inner ring to be press fitted with 
a contact angle line connecting points at which the rolling 
element contacts with the inner and outer rings, a positional 
relationship between the raceway surface and the reduced 
diameter part is made clear. Accordingly, the reduced 
diameter part which is effective in preventing the inner 
raceway surface from being distorted may easily be formed 
on the shaft. 

Description will be given of a bearing unit according 
to a fifth embodiment of the invention with reference to 
Fig. 6. 

The bearing unit of the fifth embodiment is used for 
rotatably supporting a rotary shaft in various mechanical 
sections, such as a rotation drive section of an information 
processing device handling a magnetic recording disc, a 
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magneto-opt ical recording disc, or the like, a rotation drive 
section, which requires silence performance, used for an 
AV device handling audio and video magnetic recording tapes, 
and a motor used for a rotation drive section which requires 
silence performance. 

Specifically, a shaft 123 as a rotary shaft is rotatably 
supported on a shaft-support housing (not shown) into which 
the shaft 123 passes, through two rolling bearings 125, which 
are fitted to two positions on the shaft 123, which are spaced 
apart from each other in the axial direction. A compression 
coil spring 131 is placed between the outer rings 125a of 
the rolling bearings 125 while being wound around the shaft 
123, whereby a preload in such directions as to move apart 
from each other is applied to the outer rings 125a. 

In the present embodiment, the pair of rolling bearings 
125 are ball bearings , which are equal in construction . Each 
bearing is constructed with an inner ring 125b that is 
press-fitted to the outer circumferential surface of the 
shaft 123, an outer ring 125a fitted to the inner 
circumferential surface of the shaft-support housing, balls 
133 as rolling elements, and a retainer 134 for regulating 
intervals between the balls 133. Each rolling bearing 125 
has a lubricant oil sealing structure in which sealing plates 
137 made with a metal plate, preferably, a cold rolled steel 
plate are provided at both ends of the outer ring 125a in 
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order to prevent lubricant filled between the outer ring 
125a and the inner ring 125b from leaking therefrom. 

Each sealing plate 137 is fastened to the end of the 
outer ring 125a such that the outer circumferential surface 
137a of the sealing plate is elastically fitted into stepped 
part 139, which is axially formed on the outer ring 125a 
in a spot facing fashion. Each sealing plate 137 is formed 
such that a groove 137b as a stepped part into which a wire 
of an end of the compression coil spring 131 is fitted, 
circumf erent ially .extends along the outer circumferential 
surface 137a. When the rolling bearings 125 are assembled 
to the shaft 123, the grooves 137b of the sealing plates 
137 which are located at the inner ends of the outer rings 
opposed to each other are usedas spring seats for positioning 
and fixing the ends of the compression coil spring 131 that 
is placed in a compression state between the pair of rolling 
bearings 125. 

The bearing unit of this embodiment prevents the 
rattling of the inner and outer rings 125b and 125a and the 
balls 133 in the rolling bearings 125 in the axial direction 
by the preload of the compression coil spring 131 applied 
to the outer rings 125a, to thereby realize the reduction 
of noise generated when the shaft rotates (viz., silencing) . 

In such a construction, since each of the rolling 
bearing 125 is provided with the sealing plates 137 for 
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preventing lubricant, which is filled in a space between 
the inner and outer rings 125b and 125a at both the ends 
of the outer ring 125a, from leaking therefrom, it is possible 
to prevent a lubricant shortage as the result of lubricant 
oil leaking and to prevent dust from entering the bearing. 
Accordingly, it is possible to maintain good lubricating 
performance for a long time. 

Of the sealing plates 137 provided at both ends of each 
rolling bearing 125, the sealing plates 137 which are located 
at the inner ends opposed when those are assembled to the 
shaft 123, serves also as the spring seats supporting the 
ends of the compression coil spring 131, which applies a 
preload to the outer rings of the rolling . bearings 125. 
Therefore, there is no need of using an exclusive spring 
seat, which is manufactured separately from the rolling 
bearing. Further, the assembling step of the exclusive 
spring seat is not needed in the assembling. The number 
of required component parts and the number of assembling 
steps are reduced. 

Accordingly, the reduction of the number of required 
component parts and the number of assembling steps brings 
about the following advantages. The reduction of the cost 
to manufacture the rotation drive section and the improvement 
of the productivity are achieved . 1 1 is possible to maintain 
good lubricating performance for a long time, and to prevent 
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degradation of the device silencing performance and the 
reduction of the device lifetime, which result from 
degradation of the lubricating performance. 

In the pair of rolling bearings for supporting the shaft 
123, the dimensions and structure thereof may be selected 
according to the structure of the shaft-support housing to 
which the rolling bearings are assembled. In a case where 
the pair of rolling bearings are the same in structure as 
described in the fifth embodiment, the same type of bearings 
may be used. Accordingly, the management such as stock is 
easy. Further, the assembling process is simplified. 
Additionally, the feature also contributes to reduction of 
the cost to manufacture the rotation drive section and 
improvement of productivity. 

Fig. 7 shows a sixth embodiment of a bearing unit 
according to the invention. 

The bearing unit of the sixth embodiment is a 
modification of the bearing unit of the fifth embodiment 
for improvement . 

This embodiment is different from the fifth embodiment 
in structure of the rolling bearings 12 5 and 143. The rolling 
bearing 143 located to the left in the figure is constructed 
such that the dimensions and structure of the outer ring 
143a are the same as those of the outer ring 125a of the 
rolling bearing 125, and the sealing plates 137 which are 
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the same as for the rolling bearing 125 may be fastened to 
both ends of the outer ring 143a. In addition, the rolling 
bearing 143 is the same as the rolling bearing 125 in that 
the interval between the adjacent balls 133 as rolling 
elements, which are disposed between the inner and outer 
rings, is defined by the retainer 134 . However, the rolling 
bearing 143 is constructed such that the inner ring is 
integrally formed with the shaft 141. 

The diameter of a part of the shaft 141, which is closer 
to the rolling bearing 143, is enlarged so that it serves 
also as the inner ring of the roll ingb earing 143 . ■ The. raceway 
surface 143b on which the balls 133 as rolling elements roll 
is formed on the outer circumferential surface of the enlarged 
diameter part of the shaft 141. 

This embodiment is similar to the fifth embodiment' in 
that the pair of sealing plates 137 provided the inner ends 
of the outer rings 125a and 143a of the rolling bearings 
125 and 143, which are opposed to each other, are used as 
spring seats for positioning the ends of the compression 
coil spring 131, which is located between the rollingbearings 
125 and 143. 

In the mechanical arrangement of the sixth embodiment, 
the number of components parts used for assembling is reduced 
since the inner ring of rolling bearing 143 is integral with 
the shaft 141. Further, the axially positioning accuracy 
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between the rolling bearing 143 and the shaft 141 is increased 
Accordingly, the shaft run-out accuracy and the shaft 
rigidity are also improved when comparing with those in the 
fifth embodiment . 

When it is assembled to the shaft-support housing by 
press-fitting in the direction of an arrow I, the stepped 
part of the enlarged diameter part of the shaft 141 is brought 
into contact with the inner ring 12 5b , to thereby stop a 
displacement of the rolling bearing 125. As a result, the 
assembling of it to the shaft-support housing is easy. 

Fig. 8 shows a seventh embodiment of a bearing unit 
according to the present invention. 

The bearing unit of the seventh embodiment is a 
modification of the bearing unit of the fifth embodiment 
for improvement . 

The embodiment different from the f i f th embodiment 
resides in structure of the pair of rolling bearings 125 
and 153. The rolling bearing 153 located to the left in 
the figure is constructed such that the dimensions and 
structure of the inner ring 153 are the same as those of 
the inner ring 125b of the rolling bearing 125. Also for 
the outer ring 153a, the stepped part 139 to which the outer 
circumferential surface 137a of the seal ing plate 137 is 
fitted, is formed in each of the end faces of the outer ring 
so that the sealing plate 137 common to the rolling bearing 
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125 may be formed on each of the ends thereof. 

The rolling bearing 153 is the same as rolling bearing 
125 in that the interval between the adjacent balls 133 as 
the rolling elements disposed between the inner and outer 
rings is regulatedby the retainer 134 . However, the rolling 
bearing 153 is constructed such that the outer ring 153a 
is thicker than the outer ring 125a of the rolling bearing 
12 5 . Furhter, an enlarged diameter part 151a for positioning 
the inner rings 125b, 153b is formed on the shaft 151 at 
the intermediate portion thereof. 

The embodiment .is similar to the fifth embodiment in 
that the sealing plates 137 which are located at the inner 
ends of the outer rings 125a, 153a of the rolling bearings 
125 and 153 which are opposed to each other are used as spring 
seats for positioning and fixing the ends of the compression 
coil spring 131 that is placed in a compression state between 
the pair of rolling bearings 125. 

According to the cons true t ion of the seventh embodiment , 
since the outside diameter of rolling bearing 125 is different 
from that of the rolling bearing 153, the structure of the 
shaft-support housing may have a stepped part as defined 
by the outside diameter of each bearing. When its mounting 
to the shaft-support housing is performed by press-fitting 
rolling bearing 153 of large diameter in the direction of 
an arrow II in Fig. 8, the press-fitting work is easy. The 
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assembling process management is easy and the productivity 
of the rotation drive section is improved when comparing 
with the fifth embodiment . In this case, the rolling bearing 
125 of small diameter is bonded to the shaft-support housing 
by adhesive . 

Fig. 9 shows an eighth embodiment of a bearing unit 
according to the invention. 

The bearing unit of the eighth embodiment is a 
modification of the bearing unit of the. fifth embodiment 
for improvement. 

A difference of the embodiment different from the fifth 
embodiment resides in that the sealing plate . 1 65 fitted to 
the stepped part 139, which, is formed on each of. the ends 
of the outer ring 125 inorder to prevent the lubricant filling 
the space between the inner and outer rings from leaking, 
has a simple doughnut plate structure having no stepped part 
on the surface. 

The rolling bearing 163 is different from the rolling 
bearing 125 of the fifth embodiment only in the sealing plate 
165. The sealing plate 165 is brought into engagement with 
the stepped part 139 formed in each of the ends of the rolling 
bearing 125 by means of a stop ring 167, e.g., a C ring. 

In the embodiment, the stepped part 139 per se on the 
inner end of the outer ring 125a of each of the opposed rolling 
bearings 163 is used as the spring seat for positioning the 
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ends of the compression coil spring 131 located between the 
rolling bearings 163. 

The rolling bearings 163 are mounted on the 
shaft- support housing by press-fitting them in the direction 
5 of an arrow III after the shaft 161 is assembled. 

A rear end portion of the shaft 161 as viewed in the 
press-fitting direction forms an enlarged diameter part 161a 
for stopping an axial displacement of the rolling bearing 
163. 

10 Where the construction of the eighth embodiment is used, 

the sealing plate 165 takes the form of a simple planner 
plate. As a result, the cost of manufacturing the sealing 
plate 165 is reduced, so that the cost of manufacturing the 
rolling bearing 163. . . 

15 Figs. 10A and 10B show a ninth embodiment of a bearing 

unit according to the invention . 

The bearing unit of the ninth embodiment is a 
modification of the bearing unit of the fifth embodiment 
for improvement . 

20 This embodiment is different from the fifth embodiment 

in that, in addition to the sealing plate 137 which is fitted 
to the stepped part 139 formed on each of the ends of the 
outer ring 125 and prevents the lubricant filled in the space 
between the inner and outer rings from leaking, there is 

2 5 provided a stop ring 177 pressing the sealing plate 137 toward 
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the inside of the bearing. 

The stop ring 177 is made of spring steel, and has a 
cutting portion cut at a part of the outer periphery thereof. 
Further, the stepped part 139 of the outer ring 125a is formed 
with a tapered portion 178 butting with an outer edge 177a 
of the stop ring 177, as shown in Fig. 10B. 

Thus, the stop ring 177 is inserted into the. stepped 
part 139 in a state that the stop ring 177 is deformed so 
as to close the cutting portion. After the insertion, when 
the stop ring 177 is restored by a spring force of itself, 
the outer edge. 177a is contacted with the tapered portion 
178. Then, the stop ring 177 presses the sealing plate 137 
toward the inside of the bearing by a reactive force obtained 
from the tapered portion 178. 

A gap a is defined between a standing wall 139a of the 
stepped part 13 9 and the stopring 177, forthese cure pressing 
of the sealing plate 137. 

And, in case of this embodiment, the sealing plate 137 
and the stop ring 177 mounted on the inner end sides of the 
outer rings 125a of the pair of opposing rolling bearings 
173 serve as a spring seat for positioning the end portion 
of the compression coil spring 131, which is assembled between 
the pair of rolling bearings 173. 

After the pair of rolling bearings 173 are assembled 
to the shaft 161, the rolling bearings 173 are press-fitted 
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in a direction shown in a arrow IV of Fig. 10A, so as to 
be attached to the shaft-support housing. 

The bearing unit according to the ninth embodiment can 
securely press the sealing plate 137 toward the inside of 
the housing, and can securely prevent the sealing plate 137 
and the stop ring 177 from occurring the vibration noise. 

As described above, the rotary shaft to which the 
bearings are assembled may appropriately have the stepped 
part according to the press-fitting direction at the time 
of assembling . 

The diameter of the inner and outer rings, of the pair 
of rolling bearings, which are mounted on the rotary shaft 
may be. varied in accordance with the shaft-support housing 
to be press-fitted. 

The rolling elements located between the inner and 
outer rings are not limited to the balls. The structure 
of the sealing plate disposed on each of the ends of the 
outer ring is also not limited to the above mentioned. It 
is clear that the component parts may be modified, altered 
and changed within the scope of the invention. 

With such a construction of the bearing unit of the 
fifth to the ninth embodiment of the invention, each of the 
rolling bearing is provided with sealing plates for 
preventing lubricant oil, which fills a space between the 
inner and outer rings at both the ends of the outer ring, 
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from leaking therefrom. Therefore, it is possible to prevent 
a lubricant shortage as the result of a lubricant leaking 
and to prevent dust from entering the bearing. Accordingly, 
it is possible to maintain good lubricating performance for 
a long time. 

Of the sealing plates provided at both ends of each 
rolling bearing, the sealing plates which are located at 
the inner ends opposed when those are assembled to the shaft, 
serves also as. the spring seats supporting the ends of the 
compression.coil spring, which applies a preload to the outer 
rings of the rolling bearings. There is no need of using 
an exclusive spring seat, which is manufactured separately 
from the rolling bearing. Further, the assembling step of 
the exclusive spring seat is not needed in the assembling. 
The number of required component parts and the number of 
assembling steps are reduced. 

The reduction of the number of required component parts 
and the number of assembling steps brings about the following 
advantages. The reduction of the cost to manufacture the 
rotation drive section and the improvement of the 
productivity are achieved. It is possible to maintain good 
lubricating performance for a long time, and to prevent 
degradation of the device silencing performance and the 
reduction of the device lifetime, which result from 
degradation of the lubricating performance. 
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Next, a description will be given of a bearing unit 
according to a tenth embodiment of the present invention 
with reference to Fig. 11. 

In the bearing unit shown in Fig. 11, two bearings 202 
are press-fitted to an outer surface 201a of a shaft 201, 
and a coil spring 220 for applying a preload is provided 
between the two bearings 202. 

Each of the bearings 202 includes an outer ring 203, 
an inner ring 206, a plurality of rolling. elements 210 
inserted into a space between the outer and inner rings 203 
and 206, and a retainer 211 for guiding the rolling elements 
210. 

Spring seats 212 serving also as sealing plates are 
disposed on facing sides of the bearings 202, which face 
with each other. And, Sealing plates 219 are disposed on 
non-facing sides of the bearings 202, which are opposite 
to the inner end sides. The retainer 211 is inserted in 
a state that a back surface 211a thereof faces the spring 
seat 212. 

Specifically, one side of the bearing 202, which is 
the facing sides of the bearings 202, and also the back surface 
side 211a of the retainer 211, is opened, that is, the sealing 
plate is not located on the facing side. The spring seat 
212 serving also as a sealing plate is located on the opened 
facing side. 
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The spring seat 212 is formed in an annular shape whose 
outer diameter is larger than the inside diameter of the 
outer ring 203. A fitting collar 214 is axially extended 
from a part of an outer surface 213 of the spring seat 212. 
The fitting collar 214 is fitted to the outer ring 203 in 
the one side of the bearing, which is the opened side of 
the bearing without the sealing plate 219, and a side facing 
the back side 211a. 

An inner surface 217 of the spring seat 212 serves as 
a spring receiving surface, and the spring seat serves as 
a sealing plate (shield) facing the back side of the retainer . 

An axially positioning butting part 215 is formed on 
the outer surface (bearing facing surface) 213 of the spring 
seat 212.. When the spring seat 212 is securely fitted to 
the outer ring 2 03, by butting the axially positioning butting 
part 215 against a predetermined location (butting area) 
of the outer ring 203, a retainer-interference avoiding 
clearance 221 is formed between the outer surface 213 of 
the spring seat 212 and the back side 211a of the retainer 
211. The retainer-interference avoiding clearance 221 is 
a clearance space which functions to avoid such a situation 
that when the spring seat 212 is fixed to the outer ring 
203, the outer surface 213 of the spring seat 212 interferes 
with the back side 211a. 

Specifically, a spring seat outer surface 213a located 
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above the fitting collar 214 is used as the axially 
positioning butting part 215. The axially positioning 
butting part 215 is butted against a flat surface (butting 
face) 205 of the outer ring 203. In this case, the 
retainer-interference avoiding clearance 221 is formed in 
a manner that a spring-seat outer side 213b below the fitting 
collar 214 is located closer to the inner surface 217 than 
the outer side 213a above the fitting collar 214, so as to 
have a predetermined distance between the outer surface 213 
and the. back side 211a. . ■ , 

In this embodiment, an extremely narrow labyrinth 208 
is formed between the outer surface 213 at a position close 
to the inner surface of the spring seat 212 and the flat 
surface 207 of the inner ring 203. An extremely narrow 
labyrinth 209 is provided between the inner diameter end 
216 of the spring seat 212 and the outer surface 201a of 
the shaft 201. 

The upper end (outside diameter) of the inner surface 
of the spring seat 212 has an outer side portion 218a extended 
in the axial direction, and the outer diameter side portion 
218a serves as the radially positioning step 218. 

Accordingly, the spring 220 disposed between the 
bearings 202 press fitted to the shaft 201 is stably held 
by the spring seats 212. There is no possibility that it 
enters the bearing or moves out of the bearing. Further, 
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the retainer-interference avoiding clearance . 221 for 
avoiding the interference of the spring seat 212 with the 
back side 211a of the retainer 211 is provided between the 
spring seat 212 and the back side 211a of the retainer 211. 
Therefore, even in such a case where the space between the 
bearings 202 is narrow, and the sealing plate may interfere 
with the retainer, if the spring seats 212 are used in place 
of the sealing plates, it has the function of the spring 
seat and also the function of the sealing plate. 

Further, the bearing width may be reduced while 
avoiding its interference with the retainer. Therefore, 
the center-to-center distance (span) between the bearings 
oppositely disposed may be set to be large, thereby increasing 
its moment rigidity. 

A description will be given of a bearing unit according 
to an eleventh embodiment of the invention with reference 
to Fig. 12. 

The bearing unit of this embodiment is similar to that 
of the tenth embodiment, and is different from the latter 
in that the upper end (outside diameter) of the inner surface 
217 of the spring seat 212 is recessed, whereby an inner 
side portion 218b is used as the radially positioning step 
218. The remaining construction and operation of the 
embodiment are similar to those of the tenth embodiment. 

Adescription will be given of a bearing unit according 
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to a twelfth embodiment of the invention with reference to 
Fig. 13. 

The bearing unit of this embodiment is similar to that 
of the tenth embodiment, and is different from the latter 
in that the inner surface 217 is recessed, whereby an inner 
side portion 218b and the outer side portion 218a are used 
for the radially positioning step 218. The remaining 
construction and operation of the embodiment are similar 
to those of the tenth embodiment. 

Next, a description will be given of a bearing unit 
according to a thirteenth embodiment of the invention with 
reference to Fig. 14. 

In this embodiment, the upper end (outside direction) 
of the spring seat 212 is axially extended to form the fitting 
collar 214. The end face of the fitting collar 214 is used 
as the axially positioning butting part 215. 

Specifically, the axially positioning butting part 215 
is butted against a wall surface 204a of a sealing groove 
204 of the outer ring 203. In this case, the outer surface 
213b below the fitting collar 214 is located closer to the 
inner surface 217 than the axially positioning butting part 
215, whereby a retainer-interference avoiding clearance 221 
with a predetermined distance is formed between the outer 
surface 213b below the fitting collar 214 and the back side 
211a of the retainer 211. 
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The construction of the radially positioning step 218 
resembles that of the eleventh embodiment. The remaining 
construction and operation of the embodiment are similar 
to those of the tenth embodiment. 

A description will be given of a bearing unit according 
to a fourteenth embodiment of the invention with reference 
to Fig. 15. 

The bearing unit of this embodiment is similar to that 
of the thirteenth embodiment, and is different from the latter 
in that the radially positioning step 218 of the spring 220 
is not provided on the inner surface 217, and the spring 
220 is directly received by the inner surface 217. The 
remaining construction and operation of the embodiment are 
similar to those of the tenth embodiment.. 

It should be understood that the above bearing units 
is one form of the bearing units constructed according to 
the invention, and may variously be modified within the scope 
of the invention. 

The sealing plates 219 disposed on the non- facing sides 
of the two bearings 202 are not limited to the one having 
a specific structure, but may be well known non- contact seals, 
non-contact shields or contact seals. 

The bearings 202 are each press fitted in a state that 
an interference matching the axial load is provided between 
the inner diameter of the inside ring 206 and the outer 
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diameter of the shaft 201 in order to prevent the bearing 
from shifting from the fitting portion when a large load 
axially acts or a load of impact due to the dropping axially 
acts . 

But, in case that the interference may be selected to 
be small to such an extent that a clearance is formed at 
the fitting portion and the run-out due to an eccentricity 
thereof is not caused, adhesive is used for supporting the 
axially acting load. Thus, the bearing is securely. 



SI 10 press-fitted and adhered to the shaft by utilizing the 

U 

2 combination. of the small interference ■ and the adhesive . 



jW The outer ring 203, the inner ring 206 and the rolling 

S elements 210, which are illustrated, may be substituted by 

r*i. ** 

H- .other suitable ones. 

15 The spring seat 212 may be made of metal, synthetic 

resin, rubber or the like. Use of synthetic resin is 
preferable since it is low in cost. 

Further, the retainer- inter f erence avoiding clearance 
221 may be variously formed, provided that the outer surface 

20 213 of the spring seat 212 facing the back side 211a of the 
retainer 211 is spaced by such a distance as not to interfere 
with the back side 211a when the axially positioning butting 
part 215 is butted against a desired location of the outer 
ring 203 such that the spring seat 212 is fitted to the outer 

25 ring 203. 
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In the embodiment, the outer surface 213 of the spring 
seat 212, which forms the retainer-interference avoiding 
clearance 221 in corporation with the back side 211a, is 
extended straight in the radial direction. In place of this 
shape, a groove (not shown) maybe circumf erent ially formed 
in the inner surface of the spring seat 212 at a position 
opposed to the back side 211a of the retainer 211 . The groove 
thus formed is used as a space for avoiding the interference 
.of the outer surface of the spring seat with the retainer. 
Further, a space for the retainer-interference avoiding 
clearance . may be formed in any other suitable way. 

The outer surface 213 of the spring seat 212 does not 
contact with the inner ring 206 when the axially positioning 
butting part 215 is butted against a desired location of 
the outer surface 213. 

The fitting collar 214 which is formed on the outer 
surface 213 at a desired location may be circumf erentially 
continuous or discontinuous. 

Further, the spring seat 212 may be formed to extend 
to the inner ring side in the radial direction, so that a 
labyrinth 208 as a narrow clearance is formed between the 
outer surface 213 closer to the inner side of the spring 
seat and a flat surface 207 of the inner ring, whereby the 
dust-proof performance of the bearing unit is improved. 

In addition, a further improvement of the dust-proof 
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performance may be made in a manner that the inner diameter 
end of the spring seat is further extended to the radial 
direction to form a labyrinth 209 as a narrow clearance 
between the inner diameter end 216 of the spring seat and 
the outer surface 201a of the shaft 201. 

The labyrinth 208, which is formed between the spring 
seat outer surface 213 closer to the inner side and the flat 
surface 2 07 of the inner ring 203, maybe formed as an intricate 
and narrow labyrinth, path in a manner that the outer surface 
213 and/or the flat surface 207 is formed in a curved shape 
(a convexoconcave shape or a wavy shape) in cross section. 

Even the labyrinth 209, which is formed between the 
inner diameter end 216 and the outer surface 201a, may be 
formed as an intricate and narrow labyrinth path in a manner 
that the inner side end 216 and/or the outer surface 201a 
is formed in a curved shape (a convexoconcave shape or a 
wavy shape) in cross section. 

The spring seat 212 may be formed so that the inner 
surface 217 being a facing surface of the counter spring 
seat212, which is in contact with the spring22 0has a straight 
shape in the radial direction. Alternatively, a radially 
positioning step 218 for radially positioning the spring 
220 may be provided at a desired position on the inner surface 
217. By so doing, the attitude and position of the spring 
220 may be corrected. As described in the above embodiments, 
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the radially positioning step 218 of the spring 220 may be 
variously designed. 

While the coil spring (partly omitted in the figure) 
is used for the. spring 220 in the above embodiments, a coned 
disk spring may be used in place of the coil spring when 
the space between the bearings 202 is narrow. 

A spring for preload between the two bearings. 



press-fitted to the shaft may stably be installed to the 

m bearing of the type in which the sealing plate (shield) cannot 

Sj 10 be installed since its width is narrow and it interferes 

s with the retainer on the back side thereof. 

Q 

^ According to the invention, the bearing unit .is formed 

S so that the width of the bearing structure is narrow, while 

n 

having the operation and effects as mentioned above. 

15 Therefore, the center-to-center distance (span) between the 
bearings oppositely disposed may be set to be large, thereby 
increasing its moment rigidity. 

A fifteenth embodiment of the present invention will 
be described with reference to Fig. 16. 

20 A rolling bearing unit 310 shown in Fig. 16 includes 

a cylindrical shaft 320 and a pair of bearings (single deep 
groove ball bearing) 311. Each of the rolling bearings 311 
includes an inner ring 312 as a raceway member having an 
inner raceway 312a in an outer surface being a third 

25 peripheral surf ace, an ou t er r ing 3 1 4 , a retainer 31 6 inserted 
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between the inner and outer rings 312 and 314, and a plurality 
of balls (rolling elements) 318. The balls 31 8 are rollable 
between an inner raceway 312a and an outer raceway 314a. 

A coil spring 325 is placed between the pair of rolling 
bearings 311 through spring seats 326 intervening 
therebetween. The coil spring 325 applies a preload to the 
rolling bearings 311. 

The inner ring 312 of the rolling bearing 311 has a 
predetermined inside diameter before it is assembled to the 
shaft 320 (when it is in free state) . An outer diameter 
of the shaft 320 is slightly larger than the inner diameter, 
of the inner ring 312 when it is in a free state . A difference 
(interference) between the outer diameter of the shaft 320 
and the inner diameter of the inner ring .312 being in a free 
state is 4um or smaller. Even when the interference is Oum, 
a radial run-out of the shaft is not caused at the fitting 
part of the shaft 320 and the inner ring 312. Thus, if the 
interference is set at 4|am or smaller, an appropriate 
interference fitting as will be described later is secured. 

Before the rolling bearing 311 are fitted to the shaft 
32 0, a f it ting port ion of the shaft 32 0 is coated with adhesive 
319. An adhesive of the slow hardening type may be used 
for the adhesive 319 . Then, the inner ring 312 of the rolling 
bearing 311 is press-fitted to the part of the shaft 320 
coated with the adhesive 319, from the end of the shaft. 
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As a result, a rolling bearing unit as shown in Fig. 16 is 
obtained . 

. In this state, the shaft 320 is rotated in a state that 
the outer ring 314 of the rolling bearing 311 is fixed^ 
and a radial run-out in a portion of the shaft 320 ranging 
from a location on the shaft on which the rolling bearing 
311 is attached, toward an axial end of the shaft is measured. 
If the run-out is 2|am or smaller, the structure is left as 
it is till the adhesive 319 is hardened. If the run-out 

exceeds 2|am, the run-out is reduced in a manner as shown 
in Fig. 17. 

As shown in Fig. 17, one end (the left end in the figure) 
of the shaft 320 is fitted to a rotation tool 329. Then, 
as indicated by an arrow F in the figure, a bending moment 
is applied to the other end (the right end in the figure) 
of the shaft 32 0 while rotating the shaft 32 0 . The magnitude 
of the bending moment is set at a large value at first, and 
then is gradually decreased with time. 

In this way, residual stress in the fitting faces of 
the shaft 320 and the inner ring 312 is reduced. 

In the rolling bearing unit 310 thus constructed, the 
interference is reduced and hence, the bending of the shaft 
320 is also reduced by using the combination of the 
interference fitting and the bonding. Accordingly, the 
radial run-out of the shaft is reduced. Since the 
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interference is small, the work to fit the inner rings 312 
to the shaft 320 is easy performed. Further, since the 
run-out of the shaft which will occur is reduced, when the 
run-out of the shaft is measured, if the run-out is relatively 
large as the result of the measurement, the shaft is processed 
for reducing its run-out. Thereafter, since the inner ring 
312 is. fastened to the shaft 320 completely, the run-out 
of the shaft is considerably reduced in value. After the 
adhesive 319 is. hardened and the shaft 320 is completely 
fastened to the inner ring 312, even if the bending moment 
acts on the shaft 32 0, there is no possibility that the run-out 
grows, to thereby rotate the shaft 320 with high precision. 

Fig. 18 shows a bearing unit according to a sixteenth 
embodiment of the present invention. A difference of a 
rolling bearing unit 330 of the this embodiment from that 
of the fifteenth embodiment, resides in the structure of 
a shaft 340. The remaining structure is substantially the 
same as of the fifteenth embodiment. Recessed parts 340a 
are formed in the shaft 340 at parts corresponding to the 
inner peripheral surfaces of the inner rings 312. One axial 
end of the shaft 340 extends outside in the axial direction 
beyond the corresponding end of the inner ring 312. In this 
embodiment, the recessed parts 340a is exposed to outside 
at the side opposite to the side including the coil spring 
325 and a spring seat 326. The recessed parts 340a of the 
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shaft 340 are formed around the entire circumference of the 
shaft 340. The outer peripheral surfaces of the parts of 
the shaft 340 at which the recessed parts 340a are formed, 
have cylindrical surfaces. Thus, the shaft 340 is a 
cylindrical member with stepped parts. 

At the parts of the shaft 340, where the recessed parts 
340a are formed, the fitting of the inner ring 312 to the 
. shaft 340 is not the interference fitting, but at the parts 
of the shaft which correspond to the inner peripheral surface 
of the inner ring 312 but are out of the recessed parts 340a, 
the. inner rings 312 are press fitted to the shaft 34 0 . Thus, 
the shaft 340 includes fitting parts 340b to which the inner 
rings of the rolling bearings 311 are fitted, at the parts 
thereof to which the rolling bearings 311 are mounted. 

In order to mount the rolling bearings 311 to the shaft 
340, the inner ring 312 of each rolling bearing 311 is press 
fitted to the part of the shaft 340, which is not coated 
with the adhesive, until it reaches the fitting parts 340b 
of the shaft 340 from an end portion of the shaft 340. At 
this time, a range of the recessed part 340a ranging from 
the end of the inner ring 312 in the axial direction to the 
axial end of the recessed part 340a is exposed to outside. 

In this state, the shaft 340 is rotated in a state that 
the outer rings 314 of the rolling bearings 311 are fixed. 
And a radial run-out of the shaft 340. is measured in a range 
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from the rolling-bearing mounted position on the shaft to 
the axial end thereof. When the run-out exceeds 2\im, the 
run-out is reduced in the manner as shown in Fig. 16. 

After the run-out is reduced, adhesive 339 is injected 
into the exposed, recessed parts 340a of the shaft as in 
arrows A in Fig. 18. 

In the rolling bearing unit 330 thus constructed, at 
the time of inspecting and correcting the run-out, the 
adhesive 339 is not applied to between the shaft 340 and 
the inner ring 312. Accordingly, the run-out may. be easily 
inspected and corrected. Thereafter,-. a. sufficient amount 
of adhesive 339 may be applied to between the shaft 340 and 
the inner ring 312, so that the rolling bearings 311 may 
firmly be fixed to the shaft 340. . 

The adhesive 339 may be injected to the recessed part 
on the side of the rolling bearing 311, which is opposite 
to the side including the coil spring 325 and the spring 
seat 326. Accordingly, the injection of the adhesive 339 
may be performed easily without any hindrance . The adhesive 
injection work may be automated, if necessary. 

It should be understood that the invention is not 
limited to the above-mentioned embodiments, but may 
variously be modified within true spirits of the present 
invention . 

Recessed parts 350a may be formed around the entire 
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circumference of the shaft on both sides of a fitting part 
350b of a shaft 350, as shown in Fig. 19. 

One or more number of grooves 3 6 0a, which axial ly extend, 
may be formed in the outer peripheral surface of the shaft 
5 360 as shown in Fig. 20. Where the plurality of grooves 
360a are used, those grooves are circumf erent ial ly arranged 
at angular spatial intervals. 

While the inner rings are fitted to the shaft in the 
above-mentioned embodiments, the invention is operable in 
10- such a structure using a holding member to be fitted to the 
' outer rings . ... 

As seen from the foregoing description, the present 
invention succeeds in providing a rolling bearing unit which 
is free from the troublesome assembling work and the shaft 
15 bending at the interference on the shaft, and is small in 
the run-out . 
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